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Abstract - The combustion behavior and characteristics of Thai lignite, rice husk, and their blends in different proportions 

were investigated in a thermogravimetric analyzer. In each thermogravimetric test, a 15-mg sample (lignite/biomass/blend) 

was heated in the analyzer furnace from 30 °C to 900 °C, using dry air as a furnace gas. Three test series, aimed at studying 

the effects of (i) lignite and biomass proportions in the blend, (ii) heating rate, and (iii) flow rate of the furnace gas on the 

TG/DTG profiles (characterizing the decomposition behavior of the samples), were performed. The characteristic 

temperatures were obtained from the analysis of TG/DTG curves for the selected fuel options and operating conditions. The 

kinetic parameters were determined for a model predicting the time-related decomposition of lignite/biomass blends for 

different operating conditions, using the Coats-Redfern method. The experimental results revealed excellent combustion 

properties of both selected fuels. However, rice husk exhibited higher thermal and combustion reactivity, compared to Thai 

lignite, and therefore can be used as a secondary/reburn fuel in fuel-staged co-firing systems, leading to lower environmental 

impacts.   
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I. INTRODUCTION 

 

In Thailand, low-rank Thai lignite has been used for 

many years as one of the major fossil fuels for power 

generation. The Mae Moh power plant with an 

installation capacity of 2455 MW is the only lignite-

based utility in this country [1]. Because of the low 

qualityof Thai lignite and elevated contents of 

sulphur,nitrogen, and ash in the fuel, the power plant 

is a strong contributor to air pollution in Northern 

Thailand.Co-firing of coal with biomass is reported to 

be an effective tool for the improvement of 

environmental characteristics (reduction of harmful 

emissions) and thermal efficiency of boiler units, as 

compared to firing coal on its own, mainly due to 

substantially lower proportions of sulphur, nitrogen, 

and mineral matter in biomass [2]. The use of fuel 

staging and re-burning during co-firing of coal and 

biomass results in a reduction of NOx emissions, as 

compared to burning coal alone (oraspre-mixed with 

biomass) in a single combustion system 

[2,3].However, the combustion reactivity of biomass 

(containing hemi cellulose, cellulose, and lignin) is 

basically higher than that of coal [4,5]. This 

difference in fuel reactivity may cause some 

problems, such as fuels segregation and deterioration 

in combustion efficiency, when co-firing coal and 

biomass in systems (e.g., pulverized coal-fired boilers 

and fluidized-bed combustors) using fuel staging and 

reburning[3]. With a great availability and energy 

potential of 93 PJ per year, domestic rice husk is 

considered to be an important biomass energy 

resource in Thailand. Previous research studies have 

shown  an effectiveness of this biomass as a 

secondary/reburn fuel for NOx reduction in fluidized-

bed systems co-fired with two different fuels [3]. 

Thermo gravimetric analysis (TGA) has been used to 

investigate and compare the thermal and combustion 

reactivity of individual fossil and biomass fuels, and 

fuel blends including coal–biomass mixtures [6–

8].Thermo gravimetric (TG) and derivative thermo 

gravimetric (DTG) curves, the major output of a TGA 

study, are basically obtained to characterize the de-

volatilization and combustion behavior of selected 

fuels/blends and the specific temperatures. Results 

from the TG/DTG tests provide an important data for 

determining some kinetic characteristics to build up a 

semi-empirical model describing the time-related 

decomposition of a fuel/blend [6]. This work was 

aimed at studying the degradation behavior and 

thermal/combustion characteristics of Thai lignite, 

rice husk and their blends in different proportions, 

with an objective to assess the effectsof operating 

conditions on those characteristics and to compare 

thermal/combustion reactivity between the selected 

fuel options. The specific (ignition, peak, and 

burnout) temperatures, as well as kinetic modeling of 

fuel decomposition, were the focus of this work.
 

 
Table 1: Ultimate and proximate analyses, and the lower heating value (LHV of Thai lignite and rice husk. 
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II. FUEL PROPERTIES 

 

Table 1showsthe properties of fuels,the ultimate and 

proximate analyses and the lower hating value of 

Thai lignite (L) and rice husk (RH).Both fuels show a 

high amount of volatile matter, indicating their high 

combustion reactivity. However, the volatile matter in 

the biomass was greater than that in lignite, while the 

fixed carbon showed an opposite trend. Prior to the 

TGA tests, lignite was kept in air at the ambient 

temperature for a while. Therefore, the fuel moisture 

was not as high as that “fresh” mined lignite. For this 

reason, the LHVs of the two fuels were rather similar, 

LHV = 11.68 MJ/kg for lignite and LHV = 13.65 

MJ/kg for rice husk. Taking into account greater fuel-

N, fuel-S, and ash contents in lignite, as compared to 

rice husk, one can expect an improvement 

ofenvironmental characteristics of a combustion 

system after switching from firing lignite to co-firing 

lignite with the selected biomass.  

 

III. TG/DTG ANALYSIS: A SYSTEM AND 

OPERATING CONDITIONS 

 

A “Mettler Toledo” TGA/DSC1 thermo gravimetric 

system (analyzer) was employed to obtain the thermo 

gravimetric characteristics (TG and DTG curves) for 

the selected fuel options. Dry air was used as the 

furnace environment in this analyzer, which was 

supplied into the analyzer furnace. To exclude the 

effects of the fuel particle size on the above 

characteristics [9], both biomasses were ground and 

sieved prior to testing, to ensure fine particle sizes 

(less than 200 µm).Fig. 1 depicts the original lignite 

particles and those (like powder) after the grinding 

process, whereas Fig. 2 shows the original husks in 

comparison with the ground biomass. Five lignite–

biomass blends were then preparedin different weight 

(mass) proportions: 100% L, (75% L + 25% RH), 

(50% L + 50% RH), (25% L + 75% RH), and 100% 

RH. During each TGA test, a 15-mg biomass/blend 

sample was heated in each TGA tests from 30 °C to 

900 °C.  

 

Three experimental series were performed in this 

work. At the first stage, the TGA tests were 

conducted for the above fuel options at a fixed 

furnace heating rate and constant flow rate of the dry 

air. The second test series was performed for the 

fixed (typical) proportion of the fuels (75% L + 25% 

RH)at the constant flow rate of the furnace gas (dry 

air), for four different furnace heating rates (10, 20, 

30, and 40 °C/min). The third test series was 

performed for a variable flow rate of the furnace gas 

(20, 30, 40, and 50 ml/min) using the (75% L + 25% 

RH) mixture, when keeping the furnace heating rate 

constant.Note that the TGA test for fixed operating 

conditions was performed several times for 

repeatability. Some thermo gravimetric 

characteristics, such as ignition temperature (Tign), 

peak temperatures (Tp,1 and Tp,2), and burnout 

temperature (Tb), were determined from the TG/DTG 

curves [10] and then compared between the fuel 

options. 

 

IV. KINETIC STUDY 

 

Kinetic modeling was studied using Coats-Redfern 

method [11] to determine the characteristics of 

biomasses and their mixtures in thermogravimetric 

tests. Ignoring the process of biomass dehydration, 

the biomass decomposition rate (α) can be defined as 

follows: 

f0

0
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   (1) 

 

where w0, wf, and w are the initial, final and current 

(at time ) weights of the biomass sample. 

 

Kinetic equation represented in term of an “n-th” 

order model and describe biomassesdecomposition 

with respect to time as: 
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where A is the pre-exponential factor, E is the 

activation energy, R is the universal gas constant, and 

T is time-related (current) temperature. 

Recall that the heating rate of the gas is  = T/ and 

the experiment conducts at constant heating rate ( = 

constant), Eq. (2) can be rewritten in the form: 
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Taking into account the major assumption of 

theCoats-Redfern method (i.e., 2RT/E<< 1), and 

assuming that the value of E is unchanged over a 

selected temperature range, Eq. (3) after its 

integration yields as:  
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Figure 1: Thai lignite particles: (a) original and (b) ground. 

 

 

Figure 2: Rice husk particles: (a) original and (b) ground. 
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The left-hand side of Eq. (4) and Eq. (5), can be 

designated as y. With the properly selected n, the 

experimental data from a thermogravimetric test can 

be fitted by a first-order curve: 

 

y = a + bx        (6) 

 

where x = 1/T, and a designates the first term on the 

right-hand side of Eq. (4) and Eq. (5). 

 

For variable x (or T), the curve y = f(x) for the 

selected n can be then plotted on a semi-

logarithmicgraph to quantify the kinetic constants: E 

(by using the fit slope b) and A (from the expression 

for a). 

 

V. THERMOGRAVIMETRIC ANALYSIS OF 

THE ORIGINAL FUELS 

 

Fig. 3 shows the TG/DTG curves of lignite and rice 

husktestedindividuallyattheheatingrateof20°C/min, 

when using dry air as the furnace gas with the flow 

rate of 30 ml/min.From Fig. 3, the TG curves of both 

fuels showed rather similar trends, apparently 

exhibiting sequent stages (temperature regions) 

associated with:(1) sample dewatering, (2) 

volatilization of the fuels, accompanied by volatile 

oxidation by the dry air, and (3) oxidation of 

fuelchars.  

 

 
 

 
Figure 3: TG and DTG curves of (a) lignite and (b) rice 

huskdecomposed in dry air of 30 ml/min at the heating rate of 

20 °C/min. 
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Figure 4: Effects of the proportions of Thai lignite and rice huskon (a) TG and (b) DTG curves. 

 

Figure 5: Effects of the furnace heating rate on the (a) TG and (b) DTG curves of the (75% L + 25% RH) blend. 

 

From the DTG curves in Fig. 3, for Thai lignite 

decomposition, the ignition temperature (Tign) was 

304 °C, whereas the (first) peak temperature (Tp1) 

was452 °C. For rice husk, they were apparently 

lower: 273 °C only 331 °C, respectively. However, 

the ignition temperatures(Tign) for the two fuels were 

rather close to each other: 602 °Cfor lignite and 

566°C for rice husk. These date indicating a 

significant decomposition difference between coal 

and biomass; however, the combustion reactivity of 

Thai lignite was somewhat lower, compared to that of 

rice husk, as follows from the analysis of data in Fig. 

3. 

 

VI. EFFECTS OF FUEL PROPORTIONS IN A 

LIGNITE–BIOMASS MIXTURE 

 

Fig. 4 depicts the TG and DTG curves of the fuel 

blends mixed in different proportions, along with 

those for pure lignite and rice husk, for the selected 

(fixed) operating conditions (as specified above). 

From Fig. 4, all the TG and DTG curves of the blends 

were located in between the ones of pure lignite and 

pure rice husk. Like in Fig. 3, the TG and DTG 

curves of the fuel blends showed different stages 

(temperature regions), and the specific temperatures 

(Tign, Tp,1, Tp,2 and Tb), listed in Table 2.From Table 

2, with increasing proportion of rice husk in a blend, 

the decomposition rate of the mixture rapidly 

increased at the first peak temperature, which (as seen 

in Table 2) showed the trend to decrease, indicating 

an increasing thermal reactivity of the blend. 

 

Note that with addition of a relatively small 

proportion of rice husk to pure lignite, the burnout 

temperature was apparently decreased, showing 

higher combustion reactivity, likely due to facilitation 

of the oxidation of the fuel blend by volatile from 

biomass. However, Tbwas nearly constant for all the 

tested blend at a level close to the burnout 

temperature of pure rice husk. UnlikeTp,1, Tp,2showed 

rather weak effects of the fuel proportions. 
 

Sample Temperatures (°C) 

Tign Tp,1 Tp,2 Tb 

100%Thai lignite 304 452 - 602 

75%Thai lignite + 25% rice husk 266 314 417 551 

50% Thai lignite + 50% rice husk 265 304 417 550 

25% Thai lignite + 75% rice husk 275 313 426 558 

100% rice husk 273 331 452 566 
Table 2:Characteristic temperatures of lignite–biomassmixtures decomposed at the heating rate of 20 °C/min and furnace gas (dry 

air) flow rate of 30 ml/min. 
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Figure 6: Effects of furnace gas (dry air) flow rate on the (a) TG and (b) DTG curves of the (75% L + 25% RH) blend. 

  

VII. EFFECTS OF THE FURNACE HEATING 

RATE 

 

Figure 5 shows the TG/ DTG profiles of Thai lignite 

and rice husk tested at different heating rates and 

constant furnace gas flow rate of 30 ml/min.  

 

The maximum peak (combustion rate) and the yield 

of volatile matter increases as heating rate getting 

higher. Since the process has less time available for 

tar cracking and consequently the more tar and the 

less methane are produced, the heat transfer is not as 

effective as they were at lower heating rates. The 

burnout temperatures shift to higher temperature. 

 

VIII. EFFECTS OF THE FURNACE GAS FLOW 

RATE 

 

Figure 6 depicts TG/DTG profiles of the samples 

tested at different furnace gas flow rates and constant 

heating rate of 20℃/min. The furnace gas flow rates 

are not affect the temperature range in moisture 

removal and ignition temperature.  

 

At the lower furnace gas flow rates, the fuel 

decomposition was slower shifting the burnout 

temperatures shift to a higher level. With increasing  

the furnace gas flow rate, the char oxidation was 

found to be faster. 

 

IX. KINETIC PARAMETERS 

 

The kinetic analysis was performed using the semi-

empirical Coats-Redfern method. This approach 

enables to obtain the decomposition (combustion) 

kinetics modeling of Thai lignite, rice husk and their 

mixtures.  

 

The kinetic parameters such as the activation energy 

(E), pre-exponential factor (A) and reaction order (n) 

were obtained from the relationship between 

logarithm functionand inverse of temperature (1/T). 

The plotted graph will give a straight line with slope 

E/R, y-intersect AR/βE and high coefficient value of 

regression coefficient (R
2
) mainly above 90%. The 

kinetics modeling was derived into three conditions; 

different proportion, different furnace heating rates 

and different furnace gas flow rates. 

 

Table 3 shows that the addition of rice husk to pure 

Thai lignite increases the activation energy (E) and 

pre-exponential factor (A) at the lower temperatures, 

whereas both the activation energy and pre-

exponential factor decreased at the higher 

temperature region.Table 4 shows trend that the 

activation energy and the pre-exponential factor 

decrease with higher heating rate. Table 5 depicts that 

the activation energy and the pre-exponential factor 

increase with the addition of furnace gas flow rate. 

 

Mixture Temperature 

range (˚C) 

Fitting equation r E A n 

L100 180–724 y = 6.6072 + 4.7904x 0.9928 39.8274 129.4 4.4 

L75+RH25 180–371 

380–633 

y = 0.316 + 7.9352x 

y = 9.7047 + 2.5852x 

0.9941 

0.9795 

65.9733 

21.4934 
1.158  10

5
 

3.154 

4.4 

0.7 

L50+RH50 180–361 

371–654 

y = – 5.4064 + 11.073x 

y = 2.0989 + 10.202x 

0.9856 

0.9885 

92.0609 

17.4503 
4.935 10

7
 

1.557 

4.4 

0.7 

L25+RH75 180–370 

379–514 

y = – 9.9654 + 13.434x 

y = 10.341 + 1.8513x 

0.9915 

0.9604 

111.6903 

15.3917 
5.717  10

9
 

1.1953 

4.4 

0.6 

RH100 180–397 

406–574 

y = – 10.422 + 13.813x 

y = 11.597 + 1.096x 

0.9962 

0.9689 

114.8413 

9.1121 
0.928  10

10
 

0.2015 

4.4 

0.7 

r = correlation coefficient, E = activation energy (kJ/mol), A = pre-exponential factor (1/min), n = reaction order 
Table 3: Fitting equations and kinetic parameters of Thai lignite, rice husk and their mixtures for different proportion. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-7, Jul.-2019, http://iraj.in 

Thermo Gravimetric Study on Thermal and Combustion Characteristics of Thai Lignite, Rice Husk, and their Mixtures 

 

40 

Heating rate 

(˚C/min) 

Temperature 

range (˚C) 

Fitting equation r E A n 

10 178–326 

336–616 

y = – 2.9372 + 9.5379x 

y = 6.6074 + 4.1587x 

0.9950 

0.9827 

79.2981 

34.5754 
1.799  10

6
 

56.15 

5 

1.1 

20 180–371 

380–672 

y = – 1.2122 + 8.7939x 

y = 9.1268 + 2.9638x 

0.9972 

0.9884 

73.1125 

24.6410 
5.911  10

5
 

6.444 

5 

0.8 

30 179–390 

399–708 

y = 1.3999 + 7.5107x 

y = 11.542 + 1.4975x 

0.9956 

0.9959 

66.2700 

12.4502 
1.492  10

5
 

0.436 

4 

0.5 

40 183–394 

413–778 

y = 1.0441 + 7.8129x 

y = 11.755 + 1.3627x 

0.9852 

0.9974 

64.9565 

11.3295 
1.1  10

5
 

0.428 

3 

0.6 

r = correlation coefficient, E = activation energy (kJ/mol), A = pre-exponential factor (1/min), n = reaction order 
Table 4: Fitting equations and kinetic parameters of Thai lignite, rice husk and their mixtures for different heating rates. 

 

Flow rate 

(ml/min) 

Temperature 

range (˚C) 

Fitting equation r E A n 

10 180–390 

400–778 

y = 0.807 + 7.8249x 

y = 12.246 + 1.056x 

0.9954 

0.9931 

65.0562 

8.7796 
6.983  10

4
 

0.1015 

5 

0.5 

20 180–390 

405–654 

y = 0.0781 + 8.1101x 

y = 11.279 + 1.6154x 

0.9939 

0.9984 

67.4274 

13.4304 
1.501 10

5
 

0.4082 

5 

0.5 

30 180–360 

370–663 

y = – 0.2278 + 8.1999x 

y = 9.7114 + 2.5797x 

0.9963 

0.9949 

68.1739 

21.4476 
2.061 10

5
 

3.126 

5 

0.7 

40 180–360 

363–724 

y = – 1.4137 + 8.7627x 

y = 7.0819 + 3.986x 

0.9923 

0.9726 

72.8531 

33.1396 
7.205  10

5
 

66.98 

5 

1.1 

r = correlation coefficient, E = activation energy (kJ/mol), A = pre-exponential factor (1/min), n = reaction order 
Table 5: Fitting equations and kinetic parameters of Thai lignite, rice husk and their mixtures for different furnace gas flow rates. 

 

X. CONCLUSIONS 
 

Thermogravimetric characteristics and specific 

temperatures of Thailignite,rice husk, and their 

mixtures have been investigated using a 

thermogravimetric analysis (TGA). The experimental 

results revealed excellent combustion properties of 

both selected fuels. However, rice husk exhibited 

higher thermal and combustion reactivity, compared 

to Thai lignite, andtherefore can be used as a 

secondary/reburn fuel in fuel-staged co-firing 

systems, leading to lower environmental impacts. The 

kinetic parameters obtained can be used for 

modelling the time-related decomposition of the fuels 

studied. 

 

REFERENCES 
 

[1] ElectricityGeneratingAuthorityofThailand.“MaeMohpower 

plant”. May 2018. Available 

athttp://www.egat.co.th/index.php?option=com_content&vie

w=article&id=2494&Itemid=117. 

[2] M.Sami,K. Annamalai,andM. Wooldridge,“Co-firingof coal 

and biomass fuel blends”,Prog. Energy and Combust. 

Sci.,vol. 27, pp.171–214, 2001. 

[3] P.NinduangdeeandV.I.Kuprianov,“Fluidized bed co-

combustion of rice husk pellets and moisturized rice 

husk:The effects of co-combustion methods on gaseous 

emissions”,Biomass Bioenergy, vol. 112, pp. 73–84, 2018. 

[4] H.Haykiri-Acma,S.Yaman,andS.Kucukbayak, “Comparison 

of the thermal reactivities of isolated lignin and holocellulose 

during pyrolysis”,Fuel Process. Technol.,vol. 91, no. 7, pp. 

759–64, 2010. 

[5] A. Gani and I.Naruse, “Effects of cellulose and lignin content 

on pyrolysis and combustion characteristics of several types 

of biomass”, Renewable Energy, vol. 32, pp. 649–661, 2007. 

[6] P. Ninduangdee,V.I. Kuprianov, E.Y. Cha, R. Kaewrath, P. 

Youngyuen,andW.Atthawethworawuth,“Thermogravimetric 

studies on oil palm empty fruit bunch and palm kernel shell: 

TG/DTG analysis and modeling”,Energy Procedia, vol. 79, 

pp. 453–458, 2105. 

[7] S.S.Idris, N.A. Rahman, and K.“Combustion characteristics 

of Malaysian oil palm biomass, sub-bituminous coal and their 

respective blends via thermogravimetric analysis 

(TGA)”,Bioresour Technol., vol. 123, pp. 581–591, 2012. 

[8] H.Haykiri-Acma,S.Yaman,andS.Kucukbayrak,“Co-

combustion of low rank coal/waste biomass blends using dry 

air or oxygen”,Appl. Therm. Eng., vol. 50, pp. 251–259, 

2013. 

[9] V.Seebauer, J.Petek, and G. Staudinger. “Effects of particle 

size, heating rate and pressure on measurement of pyrolysis 

kineticsbythermogravimetricanalysis”,Fuel,vol. 76, pp. 1277–

1282, 1997. 

[10] P.Ninduangdee,V.I. Kuprianov, E.Y. Cha, R. Kaewrath, P. 

Youngyuen,andW.Atthawethworawuth,“Thermogravimetric 

studies on oil palm empty fruit bunch and palm kernel shell: 

TG/DTG analysis and modeling”,Energy Procedia, vol. 79, 

pp. 453–458, 2105. 

[11] A.W. Coats and J.P. Redfern, “Kinetic parameters 

fromthermogravimetric data”,Nature,vol. 201, pp. 68–69, 

1964. 

 

 

 

 

http://www.egat.co.th/index.php?option=com_content&view=article&id=2494&Itemid=117
http://www.egat.co.th/index.php?option=com_content&view=article&id=2494&Itemid=117
http://www.egat.co.th/index.php?option=com_content&view=article&id=2494&Itemid=117

